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--^The  compounds  MX{p(X=C,  N,  O)  <1 1  s  pi ay"?&Tuont i a I  cWaligFs  IiT the  31(0  Auger 
spectra  and  these  changes  correlate  with  the  density  -of-states  (DOS)  the 

relative  proportions  of  ionic,  covalent  and  metallic  bonding,  and  screening  and 
localization  ol  the  Auger  holes.  In  this  work  we  quantitatively  interpreted  the 
C-KI.l  lineshape  of  Til.',  using  previousjy  described  techniques.  We  further 

investigated  the  X-KLl.  lineshape  changes  as  the  number  of  3d  electrons  increases 
across  the  rows  of  the  transition  mer.-ii*  ..n.i  nunmetulloid  atom 

from  C  to  N  to  0.  The  effects  of  s.inr’ 


coition  of  >  nov  mi  oaiottTc 
s/n  uimii  ihi  i 
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CMBHICAL  AND  LOCALIZATION  CPPICTS  IN  THI  AUGCt  L  INESMAf ES  OP  TDANSITION 
NIVAL  COMPOUNDS 

P.  K.  Pthmon,  Chea.  Dept.,  Catholic  Univ.,  Nash.  D.C.,  20017a 
D.  I.  lM*t*r ,  Choa.  Dept.,  Qtarj*  Wooh.  Univ.,  Nash.  D.C.,  20032* 


T ho.  compound*  NXn  (X»C,H,0)  display  sequential  chin^tt  in  th»  C-KLL 
kujtr  spectrall),  and  ihtit  chanjti  corrolato  with  the  dan* i ty-of- *  late s ( DOS  ) , 
th*  rotative  proportion*  of  tonic,  covalont  and  aotalltc  bonding,  and 
•crooning  and  localization  of  the  Auger  holes.  In  this  wort  wo  quantitatively 


interpreted  th#  C-KLL 


of  TIC,  using  previously  described  technique*. 


(2)  u*  further  investigated  the  X-KLL  Itneshapo  changes  at  the  nuabrr  of  30 
electron*  increase*  across  the  rows  of  the  transition  eetals,  and  a*  the 
nonaetalloid  atoa  change*  froa  C  to  N  to  0.  The  effects  of  saople  nonstoi- 
chioaetry  were  also  exaoined. 

Tne  carbon-bated  DOS  of  the  carbides  is  cooposed  of  three  region*: 
the  approKieatoly  atoaic-lih*  C2s  electrons  at  10-12  tv,  the  C2p  electron*  it 
roughly  3-7  eV  sigaa-bonded  with  the  aotal  3d-eg  aetal  orbitals,  and  the 
C2p  electron*  at  0-3  *V  pi -bonded  to  the  aetal  3d~t2g  orbitals. 

The  2*  electrons  are  nonbonding  and  relatively  localised  on  the  carton 
nucleus.  The  covalent  sigaa-bonded  C2p  electrons  contribute  to  nO's  with  auch 
of  thesr  density  located  inter atoalcal ly  between  the  carbon  and  aetal  nuclei. 
Th*  higher  electronegativity  of  N  or  0  ashes  th*  bond  aor*  ionic,  resulting  in 
less  electron  density  in  the  inter-atoaic  region,  and  sore  density  localized 


jclet.  Th*  C2p-pi  electron*  contribute  to  th*  coaparitivtly 


delocalized  HO'*  largely  responsible  for  the  aetallic  conductivity  shown  by 
■any  of  these  coapounds. 

Th*  C-l^,  spectra  (which  saaples  th*  C2p  DOS  >  of  th*  aetallic  carbide* 
develop  a  feature  on  the  high  energy  side  of  th*  aain  peat  a*  the  nuaber  of 
3d-t2g  electron*  increases .< 3 1  The  bend  calculations  of  Nectei  et.  •!..(<> 

show  that  the  intensity  of  th*  aetallic  unoccupied- DOS  (pnaanly  t2gi 
increases  with  separation  froa  the  Perai  level.  Since  the  C2p  orbitals 


CoP7  oToUobl.  B  DTIC  d-.--  w* 

-  a*  «  .wtulA  pnfl  * 


contribute  to  the  band  containing  the  aetallic  electron*,  tne  i  the  high 

energy  feature  In  the  C-XES  spectrue  increase*  proportionally  a*  octal  3d 
electron*  fill  the  t2g  state*.  There  >•  controversy  about  the  nature  of  the 
XES  high-energy  feature,  vis.,  whether  it  originate*  via  a  oolecular  orbital 
or  fro*  an  tnteratooic  transition.  In  view  of  the  relatively  **all  transition 
aatrix  eleaents  of  the  latter,  the  oolecular  orbital  interpretation  is 
preferred. 

In  the  Halt  of  the  one-electron  approxiaation,  (t.o.  assuaing 
the  hole*  arc  coapletely  delocalised  and  do  not  interact)  the  KLL  huger 
ipectrua  a*  given  by  the  fold  of  the  valence  band  DOS,  consist*  of  3  peats 
corresponding  to  transitions  involving  **,  sp  and  pp  electron*.  It  is  the 
fold  of  the  C2p*II  state*  with  the  aore  nuaorous  C2p  states  which  produces  the 
high  energy  feature  characteristic  of  the  C-KLL  Auger  spectra  of  the  carbides, 
and  of  the  HX^  coopounds  in  general.  As  the  density  of  the  octal  3d  electrons 
increase*  so  doe*  the  intensity  of  the  high  energy  feature.  A  second  feature 
which  changes  with  the  nuaber  of  octal  3d  electrons  is  the  sp  peak,  this  peak, 
reflects  the  aagnitude  of  awltiplet  (singlet-triplet)  splitting,  which  is  a 
very  sensitive  aeasure  of  the  hole-hole  interaction.  The  splitting  decreases 
as  the  nuaber  of  aobile,  screening  3d-t2g  electrons  increase*. 

Finally,  the  shifting  of  the  peaks  fro*  the  energies  predicted  in  the 
one-electron  Halt  reflect*  the  effects  of  increasing  localisation,  as  the 
aetal -nonaetal  electronegativity  difference  increases,  and  as  the  nuaber  of 
octal  3d  electrons  decreases.  In  fact,  the  pp  Auger  peak  and  the  high  energy 
shoulder  show  little  if  any  deviation  froa  the  value*  predicted  for  the  one- 
electron  aodel,  even  for  the  relatively  ionic  carbides,  e.g.  TiC.  however, 
the  s*  and  sp  peak*  are  still  clearly  affected  by  localisation,  as  evidenced 
by  their  substantial  downward  energy  shift  froa  the  one-electron  fold  and 
■  ifkt'1  sp  eultiplet  splitting. 

These  trend*  are  even  aore  noticeable  whan  the  nonootalloid  atoa  is 
chinged  froa  C  to  N  to  0.  The  large  change*  in  the  electronegativity 


Cop?  available  to  DTIC  dcos  sot 
permit  fully  legible  iep>.<luctloa 


4iff«r*nc*  bttMtn  th*  Httl  m4  atoa  again  correlate  with 

th#  chaw 1*1  ift  local (cation  and  aultiplat  tfllUlA}.  In  addition,  tho 
••Oar at ion  of  tho  high  energy  feature  froo  tho  aain  pp  peak  incraa«o«,  whit* 
tho  intensity  of  tho  f*atur*  diminishes.  Examination  of  tha  DOS  of  tha 
raapoundf  can  aaplain  tha«a  phanoaana  without  invoking  localisation.  Tha  aain 
C2p  peak  arid  tha  Faro i  lava]  ara  separated  by  tha  hjjh  energy  wing  comprised 
of  tha  pi-bonded  C2p  atata*.  As  tha  bond  ionicity  incraatai  froo  C  to  M  to  0, 
tho  aain  X-lp  peak  narrows  and  la  pullad  down  from  tha  Parai  laval.  Tha  aatal 
3d-*g  orbitals  and  tha  X-2p  laval  bacoaa  incraaslngly  aaparatad,  reducing  tha 
energetic  overlap  batwaan  thaa.  As  a  result,  tha  electron  density  which 
was  onca  intar atoa teal ly  located  in  tha  covalant  bond  is  radi str ibutad  to  tha 
X  atoa  and  tha  3d-t2g  aatal  HO,  affectively  raising  tha  Feral  laval,  and 
extending  tha  high  energy  wing,  to  giva  a  higher -energy  but  1 owar - intans i t y 


aaan  p-pi  DOS  This  is  reflected  in  tha  X-KLL  Aug* 


ileul taneous 


increase  in  tha  separation  and  decrease  in  tha  intensity  of  the  high  energy 


feature  with  respect  to  tha  aain  pp  peak.  In 


|.  TiC,  tha  high 


energy  states  ara  largely  unoccupied,  since  tha  Feral  laval  falls  on  tha 
uppar  shoulder  of  tha  aain  C2p  peak  in  tha  XES  spactrua. 

It  has  bean  demonstrated  (Si  that  in  the  series  TiO,  TiM,  TiC  tha 
local  excitation  threshold  (measured  as  tha  intersection  of  the  aaission  and 
absorption  thresholds  for  tha  T12p  hole)  is  increasingly  different  than  tha 
Feral  level  (as  measured  froa  the  T12p  XFS  line).  This  difference  reflects 
tha  effect ivanasi  of  tha  oatalllc  electrons  in  screening  the  T12p  core  hole 
and  therefor*  indicates  that  screening  of  the  Ti  hoi*  is  aost  affective  in 
the  oxide,  consistent  with  the  increise  in  tha  nuabar  of  aatallic  electrons  in 
tha  t2g  orbitals.  However,  the  X-KLL  Auger  linashapas  of  the  saa*  serial 
reveal  increased  oultiplet  splitting  and  localization  affects  in  tha  oxide, 
compared  to  tha  carbide,  indicating  reduced  screening  of  tha  O-pp  and  ss 


valance  holes.  The  two  types  of  holes  are  clearly  influenced  in  different 
fashion  by  the  amount  of  interatoaic  vs.  aatallic  charge. 
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